Objective. To analyze the reliability and accuracy of the screening for adverse events (AEs) conducted by nurses taking the assessment by medical residents as the reference.
Introduction
Patient safety has gained prominence in the international debate about the quality of health care due to the magnitude of adverse events (AEs) and their presence worldwide [1] . The concept of AE has been essential to the analysis of this issue; an AE is defined as an incident related to health care that results in unnecessary harm to the patient [2] .
In recent decades, the studies to detect AEs have used different approaches; the methods based on the retrospective chart review are the most common [3] . The Harvard Medical Practice Study was a pioneering study in which the medical records were screened for AE indicators, followed by a review for confirmation [4] . According to this methodology, the screening criteria are markers of AEs and are detected in a screening phase, usually conducted by nurses. Then, the criteria detected will be confirmed or not in a second stage review, conducted by physicians. In subsequent studies in several countries, methodological differences seem to explain, in part, variations in results [5 -14] . Patient safety research through the chart review should be reliable and accurate without losing efficiency. The few published studies on the reliability of AE detection indicate reasonable to moderate agreement between physicians and nurses [15, 16] . Similarly, the studies assessing the accuracy of AE screening are scarce and usually show higher sensitivity than specificity [17, 18] .
The present study aimed to analyze the reliability and accuracy of the screening for AEs conducted by nurses taking the assessment by medical residents as the reference, using two endpoints: identification of any screening criterion by the reviewers (at least one criterion detected in the sample) and the same analysis for each criterion detected by nurses and medical residents.
Methods
This is a validation study of the AE screening method used in previous retrospective cohort study ('base study') that estimated the incidence of AEs in a sample of patients admitted to three general teaching hospitals in the state of Rio de Janeiro, Brazil, in 2003 [19] . The reliability and accuracy of AE screening conducted by nurses in the base study were assessed through the analysis of a subsample of patient records selected for review by medical residents in the present study, taken as the reference for the assessment of accuracy ('gold standard'). A flowchart is presented to enlighten the rationale of the present study (Fig. 1) .
In the base study, a random sample of 1103 medical records was assessed. Patients younger than 18 years, with lengths of stay under 24 h, and psychiatric patients were excluded. The base study using the methodology of the Canadian study is composed of two phases: the screening phase, conducted by nurses, and the evaluation phase, conducted by experienced physicians [9] . Screening criteria (triggers) were translated and adapted to the Brazilian context [20] . The detection of at least one screening criterion during the screening stage selected patient records for the evaluation phase. In this phase, those physicians conducted an implicit full assessment of the records to state their accordance with the screening criteria detected in the previous stage and verified the occurrence of an AE. All reviewers had .20 years of clinical experience. Four nurses were responsible for medical record's review in the three hospitals. The reliability of their screening in the base study was good [19] .
The present study used a random subsample of 259 medical records from three large general teaching hospitals thought to approximate a broader representation of the average quality standards of teaching hospitals in the state of Rio de Janeiro. The sample size was calculated with an expected agreement of 80%, sensitivity and specificity of 80%, significance level of 5% and 40% of cases meeting at least one criterion. Screening was performed by two internal medicine residents who were familiar with the methods and forms used in the base study. Hence, the residents repeated the screening conducted by nurses in the base study using the same methodology [9, 19] .
The validation of the screening phase conducted by nurses in the base study was performed using a two-step approach: first, are shown the results for reliability and accuracy for any screening criterion detected (first endpoint); and then, the same results for the most frequent screening criteria identified in the base study (second endpoint). Medical residents were considered the gold standard in accuracy analysis.
A specific analysis of criteria 9 ('Other complications') and 19 ('Other unwanted events') was performed, as these were generic criteria and the most frequent ones in the screening stage of the base study [19] . Results of this specific analysis will be presented as a part of the second endpoint analysis. Medical records discordant for these criteria were selected. Based on the description given by nurses in the base study, discordant cases for criterion 9 were classified into: (i) 'injury or damage not described in other criteria' (signs, symptoms and disorders), (ii) 'event related to invasive procedure' (including transfusion and hemodialysis reactions) and (iii) 'falls and other accidental trauma'. For criterion 19, four categories were created: (i) 'injury or damage not described in other Figure 1 Flowchart of the AE screening method used in previous retrospective cohort study (base study) and in the present study.
criteria', (ii) 'event related to invasive procedure', (iii) 'failure in the administration of supplies' (medication, surgical material, diagnostic tests); (iv) 'missing information in the medical record' ('Missing prescription', 'Missing medical evaluation', 'Another patient's medication chart was included in the medical record').
The frequency of cases meeting the screening criteria in the subsample (screened by medical residents) and in the base study (screened by nurses) was calculated. An agreement between physicians and nurses was measured using the kappa coefficient and simple percentage agreement. Taking the assessment by medical residents as the reference ('gold standard'), the sensitivity, specificity, positive (PPV) and negative (NPV) predictive values of the screening by nurses were calculated.
Sensitivity was estimated by the proportion of records with at least one criterion in nurse screening out of the total with at least one criterion in the review by medical residents. Specificity was estimated by the proportion of records with no screening criteria according to nurses' reviews out of the total of records with no screening criteria according to medical residents' reviews. PPV was estimated by the proportion of cases with at least one screening criterion according to medical residents' screening out of the total of cases with at least one positive criterion according to nurses. NPV was estimated by the proportion of cases with no screening criteria according to the medical residents out of the total of cases with no screening criteria detected by nurses' reviews.
Finally, the PPV of AE screening by medical residents and nurses were also calculated, taking the assessment by experienced physicians in the base study as the reference. At this point, the PPV was estimated by the proportion of cases with confirmed AEs by physicians from the second phase of the base study, out of the total of cases with at least one screening criterion detected by nurses or medical residents.
The proportions and the kappa coefficient were estimated with 95% confidence intervals. McNemar's test was performed to analyse the statistical significance of the agreement between physicians and nurses. Calculations were performed using Stata statistical software version 10.0.
Results

Frequency of screening criteria detected by nurses and medical residents
Of the 259 medical records selected, 5 met exclusion criteria (hospital stay under 24 h or inadequate documentation) and 12 medical records showed discordant lengths of stay according to physicians and nurses. Among the 242 medical records in the final sample, nurses identified 95 cases (39.3%) meeting at least one screening criterion, and medical residents identified 90 cases (37.2%). As more than one criterion could be identified in each medical record, nurses identified 179 screening criteria in total, while medical residents identified 171 criteria ( Table 1 ).
The criteria most frequently (.10%) detected by nurses were 'Other unwanted events', 'Prior admission', 'Death', 'Other complications', 'Hospitalization injury' and 'Infection'. These were also the most frequently detected by medical residents, except for 'Hospitalization injury' and 'Other complications'. For these two criteria, nurses detected more cases than the medical residents and differences were statistically significant. Nurses detected 'Hospitalization injury' in 11.2% of cases, while medical residents detected this criterion in 4.7% of cases (P , 0.001). The criterion 'Other complications' was detected in 12.3% of cases by nurses and in 7.6% of cases by medical residents (P ¼ 0.004). On the other hand, 'Prior admission' and 'Later admission' were identified much more frequently by medical residents than nurses, but the difference was statistically significant only for the former. 'Prior admission' was detected in 18.7% of cases by physicians and in 14.0% of cases by nurses (P ¼ 0.02). 'Later admission' was detected in 5.3 and in 2.2% of cases by physicians and nurses, respectively (P ¼ 0.06) ( Table 1) .
At least one screening criterion analysis
A simple agreement between nurses and medical residents regarding cases meeting at least one screening criterion was 78.9% and the chance corrected agreement was moderate across hospitals (K ¼ 0.55).
The screening by nurses showed higher specificity (81.6%) than sensitivity (74.4%) for cases meeting at least one screening criterion, taking the assessment of medical residents as the reference (Table 2) .
Nurses identified 95 cases meeting the screening criteria, of which 21 (22.1%) were confirmed as AEs by the experienced physicians in the evaluation phase of the base study, whereas medical residents identified 90 cases meeting the screening criteria, of which 18 (20%) were confirmed as AEs in the evaluation phase of the base study. The difference was not statistically significant (P ¼ 0.08).
Most frequent screening criteria analysis
Among the criteria most frequently met according to nurses, the agreement was perfect (K ¼ 1) for 'Death' and substantial for 'Prior admission' and 'Infection' (K ¼ 0.66 and 0.62, respectively). The agreement was reasonable for 'Hospitalization injury' (K ¼ 0.25) and low for 'Other complications' and 'Other unwanted events' (K 0.20) (Table 3 ).
All criteria showed higher specificity than sensitivity, except for 'Death' criterion, which showed the highest accuracy, followed by 'Prior admission' (97.6% specificity and 62.5% sensitivity) and 'Infection' (96.4% specificity and 61.9% sensitivity). The criteria 'Other complications' and 'Other unwanted events' had the lowest sensitivity (7.7 and 11.5%, respectively), but showed substantial specificity (90.8 and 89.4%, respectively). The PPV of 'Other complications' criterion was even lower than that of 'Other unwanted events', due to its lower prevalence (Table 3) .
Among cases discordant for 'Other complications' criterion, the most frequent descriptions were: 'Injury or damage not described in other criteria' (14; 63.6%) and 'Event related to invasive procedure' (6; 27.3%). For criterion 19, the most frequent descriptions were: 'Failure in the administration of supplies' (14; 53.8%), followed by 'Injury or damage not described in other criteria' (9; 34.6%).
Discussion
The present study aimed to validate the screening phase of the base study by analyzing the reliability and accuracy of the screening conducted by nurses. It concluded that nurses were appropriate reviewers for the detection of AEs. The reliability analysis showed a moderate agreement between nurses and Table 1 The frequency of screening criteria detected by nurses, physicians and both reviewers (n ¼ 242) Screening criteria [19] Both nurses and physicians, Nurses, n (%) Physicians, n (%) P-value n (%) physicians and the accuracy analysis showed specificity higher than sensitivity when taking the assessment of medical residents as the reference. The result of a moderate agreement between nurses and medical residents for cases meeting at least one screening criterion is consistent with previous studies [15, 16] . Silver et al. [15] found an agreement of 78.5% (K ¼ 0.57) between physicians and nurses for the presence of at least one AE. An another study found a moderate agreement for medical complications (K ¼ 0.59) and reasonable for surgical complications (K ¼ 0.36), between physicians and nurses [16] .
Specificity was higher than sensitivity; this result is not consistent with previous studies that evaluated screening accuracy, and was possibly caused by methodological differences [17, 18] . Unlike the present study, in the study by Brennan et al. [17] , the evaluators were not nurses, but professional chart reviewers. In a study by Camacho and Rubin, the assessment tools used by physicians and nurses were not the same, as the former used a structured form for implicit case assessment [18] .
Even though screening should emphasize sensitivity in order to maximize detection, the higher specificity found here favors efficiency. A greater proportion of records meeting a positive criterion that is later confirmed as an AE implies higher cost-effectiveness, especially if confirmation requires costly human resources. Nurses found more records with AEs and their assessment had a greater PPV than that performed by physicians. Moreover, nurses found a higher number of screening criteria than physicians in general and the differences were significant for 'Hospitalization injury' and 'Other complications'.
The screening for quality issues in health care requires simple operational procedures, as the screening relies on the chart review. The screening criteria used in this study have shown to be useful in the detection of AEs. Objective criteria more likely to be identified in patient records, such as criteria 'Prior admission', 'Death' and 'Infection', showed a higher agreement and a greater accuracy [21] . On the other hand, as expected, generic criteria such as 'Other complications' and 'Other unwanted events' showed a lower agreement and accuracy. The remaining criteria showed higher specificity than sensitivity, consistent with the findings of a similar study on the accuracy of screening criteria for AEs [22] .
It was found that a large number of cases meeting 'Other complications' and 'Other unwanted events' criteria referred to 'Injury or damage not described in other criteria.' More than half of the cases reported by nurses as meeting 'Other unwanted events' criterion were associated with 'failure in the administration of supplies (medication, surgical material, diagnostic tests)'. It is therefore suggested that other screening criteria should be added such as 'Failure in the administration of supplies', 'Injury or damage not described in other Table 3 Simple agreement, Kappa coefficient, sensitivity, specificity, PPV and NPV of the most frequently met criteria (.10%) according to nurses Screening criteria [19] n Agree (%) K Sens (%) Spec (%) PPV (%) NPV (%) criteria' and 'Event related to invasive procedure, in order to improve the quality of the screening process'. In general, the screening by nurses and medical residents were similar and revealed no significant differences and this result suggests the good performance of the nurses in the screening of AE, as the medical residents was considered the gold standard. Otherwise, the study detected some significant differences in relation to specific screening criteria among reviewers. These results are important to evaluate the implication of different reviewers in the screening process and also show the performance of different screening criteria that compose the screening tool, also giving additional knowledge about the process in order to improve its quality.
One limitation of the accuracy analysis was the choice of medical residents as the reference, which had a lower PPV when assessed by the full implicit assessment. The assumption that the screening by medical residents yields more accurate results, and should be considered the gold standard, can be questioned. However, the implicit assessment performed by physicians, as during the evaluation phase of the base study, is the basis for judging the quality of care; therefore, it seemed appropriate to take it as the reference.
This study explored the potential and limitations of a tool for the detection of AEs, with the advantage of revealing quality problems that would not be noticed otherwise, and showed that nurses had a great performance in the screening for AEs, considering the assessment of medical residents as the reference. 
